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ABSTRACT 
Serum albumin is the most abundant protein in mammalian 
blood circulation constituting about 50-60 % of total serum 
proteins. Besides maintaining the proper osmotic pressure, 
albumin distributes large number of exogenous as well as 
endogenous 1igands to various tissues of the body. Bilirubin, 
a degradative product of hemoglobin is also transported by 
albumin to the liver for its further detoxication. Binding of 
bilirubin to albumin is of physiological significance, since 
under certain conditions, its deposition in basal ganglia 
leads to the development of Kernicterus which may result in 
infant death. Albumin is believed to possess one strong and 
two weak binding sites for bilirubin. Various reports suggest 
the involvement of lysine, histidine and tyrosine residues in 
this interaction. Involvement of lysine residues has been 
widely accepted but discrepancy regarding the position of 
lysine residues in sequence still persists. In an earlier 
report, involvement of buried lysine residues in bilirubin-
albumin interaction has been shown. Moreover, different 
bilirubin binding patterns have been observed with human and 
rat albumins. With these aims in mind, goat serum albumin was 
modified with raaleic anhydride and physico-chemical and 
bilirubin binding properties of these derivatives were 
s tud i ed. 
Four different maleylated derivatives of goat serum 
albumin namely 40 %, 46 %, 84 % and 98 % were prepared using 
25, 50, 500 and 1000 molar excess of anhydride over protein. 
Under slightly alkaline conditions as used in this study, the 
acylation reaction was found to be quite specific for amino 
groups of proteins. However, 6 tyrosine residues were also 
modified as determined by hydroxy1 amine treatment. All the 
preparations were found to be homogeneous both with respect to 
charge as well as size as evident from the po1yacry1 amide gel 
electrophoresis and gel filtration results. Relative mobility 
of GSA increased on increasing maleylation upto 46 %, beyond 
which it decreased. 
Conformational changes in maleylated albumins were 
detected by gel filtration, double immunodiffusion and 
solubility studies in concentrated ammonium sulphate 
solutions. An increase in Stokes radius from 3.47 to 4.94 nm, 
frictional ratio from 1.29 to 1.79 and decrease in diffusion 
2 
coefficient from 6.42 to 4.51 cm /sec upon 98 X modification 
were suggestive of major conformational changes in GSA. 
Further, absence of precipitin arcs in 84 % and 98 % modified 
preparations supported this contention. This was because of 
the major change in the antigenic make-up of these 
preparations. Solubility parameters, Kg and 6 remained 
unaffected upto 46 % modification but decreased significantly 
1 1 
on increasing modification. These results also suggested 
major conformational changes upon raaleylation, since 
solubility parameter Kg strongly depends on conformation of 
proteins. 
Results on bilirubin binding with albumin and various 
maleylated derivatives at pH 8.0, I = 0 . 1 5 suggested 88 % 
decrease in binding upon 98 % modification. This decrease in 
binding can be attributed to either conformational change in 
this preparation or modification of critical lysine 
residue(s). That conformational change is responsible for the 
decrease in bilirubin binding can be ruled out, sines increase 
in ionic strength to 1.0 did not reverse the bilirubin binding 
characteristic of highly maleylated preparation. Similar 
results were obtained by fluorescence quench titration method. 
A considerable decrease (70 %) in the magnitude of 
fluorescence quenching at ionic strength 0.15 was observed in 
case of 98 X maleylated GSA which remained unaffected on 
increasing the in ionic strength to 1.0. In the absence of 
data on the conformational reversibility, it is difficult to 
justify the involvement of lysine residues in bilirubin-
albumin interaction. But it seems probable that one or two 
critical lysine residues were modified in higher modified 
preparations of GSA which resulted in the decrease in 
bilirubin binding. 
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EFFECT OF CHEMICAL MODIFICATION 
ON CONFORMATIONAL AND BILIRUBIN 
BINDING PROPERTIES OF SERUM ALBUMIN 
INTRODUCTION 
Genera I 
Serum albumin occupies a special position among the 
plasma proteins due to its largest amount in plasma 
constituting about 50-60 % of total serum proteins. It has 
been used extensively as a model protein by protein 
biochemists because of its ease of isolation and high 
stability and solubility. The functions assigned to albumin 
include colloid osmotic regulation, as an easily accessible 
protein reserve and the distribution of a large number of 
compounds to various tissues of the body (Peters, 1965). 
However, some reports are in favour of its dispensability as 
examplified by anal burainemia (Daramacco e_t_ aj_' 1980; Peters, 
1970, 1980, 1985). But rarity of anal buminemia suggests a 
beneficial role of albumin. Despite the wealth of information 
on this protein, the important question of strueture-function 
relationship remains unanswered till date. Several reviews on 
albumin chemistry have been published by various authors 
(Hughes, 1954; Foster, 1960; Bennhold, 1961; Watson, 1965; 
Putnum, 1965; Schultze et. aj_. 1966; Peters, 1970, 1975, 1980, 
1985; Janatova, 1974; Sgouris, 1975; Rosenoer et. aj_. 1977; Yap 
et. aj_. 1978; Habeeb, 1979; Blomback & Hanson, 1979). 
Physical properties 
The molecular weight of albumin is less than that of most 
of the other plasma proteins. Its value ranges in between 
6-4,000-69,000 (Baldwin 1957; Charlwood, 1961; Squire e_t al . 
1968). The value obtained by sedimentation equilibrium studies 
i.e. 66,700 was found to be in good agreement with the value 
66,430 calculated from amino acid composition of bovine serum 
albumin (Peters, 1985), Higher values of molecular weight as 
reported earlier were due to the presence of small amount of 
aggregates formed during the preparation and storage 
(Pedersen, 1962). The protein is made up of a single 
polypeptide chain as evidenced by the presence of a single N-
terminal amino acid residue (Asp for bovine serum albumin) as 
wel1 as lack of change in molecular weight after complete 
reduction of disulfide bonds in SDS followed by alkylation 
(Thompson, 1958; Hunter & McDuffie 1959). Hydrodynamic studies 
using electric birefringence suggested the structure of 
albumin molecule as a fairly asymmetric one in the form of 
prolate ellipsoid of dimensions 41.6 and 140.9 A<* with an 
axial ratio of 3.4 (Wright &< Thompson, 1975). This property 
correlates with the presence of three structural domains in 
albumin molecule arranged linearly like three tennis balls in 
a cylindrical can (Anderson & Weber, 1969), which is further 
supported by the electron microscopy carried out at pH 1.9 
(Slayter, 1965). 
Some of the physico-chemical properties of bovine and 
human serum albumins are summarised in Table I. No high 
resolution X-ray data are available for albumin probably 
Table 1 
Physico-chemical properties of bovine and human serum albumins 
Property Bov ine Human Reference 
Molecular weight 
From composition 
66,430 66,439 Peters, 1985 
From sedimentation 
equi1 ibr ium 
66,700 69,000 Squire et al.(1968) 
Charlwood <1961) 
Sedimentation 
constant 
S20' w X 10 13 
4.5 4.6 Squire et. al . ( 1968) 
Oncley et al. (1947 ) 
Diffusion cons±ant 
D2o» w X 10 
Partial specific 
vo1urae 
"20 
5.9 
0.733 
6.1 Wagner and Scheraga 
(1956) 
Oncley et. al . ( 1947 ) 
0.733 Hunter (1966) 
Charlwood (1961) 
Intrinsic viscosity 0.041 0.042 McMillan (1974) 
Charlwood (1961) 
Overall dimensions, 
A" 
41,6x140.9 38x150 Wright and Thompson 
(1975) 
Hughes (1954) 
Optical absorbance .  
279 nm, Ig 1itre 
0.667 0.531 Janatova e_t. a_l_ 
(1968) 
Edwards et_ a 1 . 
(1969) 
Estimated oc-helix (%) 55 
B-structure (%) 16 
50 
16 
Sj oho 1m and 
Ljungstedt (1973) 
Reed et. aj_. ( 1975) 
Foster, (1977) 
because of its flexibility or *configurationa1 adaptability" 
(Karush, 1950). The information about secondary and tertiary 
structure of protein is largely based upon the data obtained 
by optical rotatory dispersion, Raman spectroscopy, hydrogen 
exchange and by calculation according to Chou and Fasman 
(Benson et. al . 1963; Reed et_ aj_. 1975). A value of 55 % and 
50 X for of-helix and about 16 % for fi pleated sheet has been 
assigned to bovine and human albumins respectively. (Sjoholm & 
Ljungstedt, 1973; Reed et^ a_l_. 1975; Foster, 1977). The 
distribution of various amino acid side chains in albumin 
molecule cannot be predicted by the conventional methods. The 
lower value of specific extinction coefficient (6.67 for BSA 
and 5.3 for HSA) as well as maximum absorption at 279 nra is 
mainly because of the low content of tryptophan in bovine and 
human albumins (Peter, 1980). About two third of 18 tyrosine 
residues of human albumin are sufficiently exposed at pH 4-8, 
whereas the rest can be exposed at pH 11.4 (Steinhardt & 
Stocker, 1973). Both the tryptophans in bovine serum albumin 
are believed to be exposed to different extent (Peters, 1985). 
A general information about the buried portion of protein can 
be obtained by the accessibility of hydrogen atoms to 
exchange with those in surrounding water. Of 1100 potentially 
labile hydrogen atoms per molecule, an appreciable amount are 
readily accessible (Hvidt & Nielsen, 1966). 
The best preparations of serum albumin have been found 
heterogeneous by various criteria as evident by slight 
variation In physico-chemical behaviour upon electrophoresis, 
ion exchange chromatography and sedimentation. The possible 
causes for this heterogeneity include impurities, 
polymerization, mixed disulfides, binding of ligands, 
isomerization at pH 3-4, configurationa1 variants, possible 
molecular aging and genetic variants (Cohn, 1941; Peters, 
1970; Gulyassy & Depner, 1983; Weiss et^ aj_. 1983; Yatscoff et. 
al. 1984), Foster reported for the first time the 
microheterogeneity in albumin preparation (Peterson, 1965) 
which was further reviewed by Janatova (1968). 
Isomeric ferns 
Serum albumin being a flexible molecule changes its 
conformation by changing the pH of the medium. In the pH range 
5.0-7,0, *N' (for normal) form exists which is characterized 
by the various physical properties described above. Appearance 
of a new form i.e, 'F' (for fast moving) can be seen after 
decreasing the pH from 5.0 to 4.0 which moves faster upon gel 
electrophoresis. This transition known as N .^  ^ F transition 
was initially studied by Foster and then further checked by 
other workers (Foster, 1960, 1977; Herskovits & Laskowski, 
1962; Tanford et_ aj_. 1967; Taylor e^ aj_. 1978; Khan & 
Salahuddin, 1984). This transition is characterized by the 
decrease in helical content (Hilak e_t_ aj_. 1974), a blue shift 
in UV absorption spectrum, exposure of 3-5 tyrosine residues 
to bulky solvents (Herskovits & Laskowski, 19621 and 
precipitation by 3 M KCl (Foster, 1977). Below pH 4.0, albumin 
molecule becomes fully extended but having the constraints 
produced by disulfide bonds. This state is known as 'E' (for 
extended) form in which intrinsic viscosity as well as axial 
ratio are increased drastically (Harrington e_t. a 1 . 1956) and 
helical content decreased further. In the alkaline zone, two 
more isomeric forms of albumin appear. The first transition 
which is known as 'neutral transition' occurs when the pH is 
increased from 7.0 to 9.0. This results in the generation of 
*B' (for basic) form (Leonard e_t^  a 1 . 1963; Zurakowski &< 
Foster, 1974) characterized by smaller helical content (48 % 
as compared to 55 % found in 'N' form). The 'B' form is more 
protonated than the 'N' form as evidenced by the decrease in 
anodic mobility. A fifth isomeric form *A' (for aged) form is 
obtained when albumin solutions are kept at pH 9.0, low ionic 
strength and at 3**C for 3-4 days. This form is marked by 
slower e 1 ectrophoretic mobility and decreased solubility in 
3 M KCl (Nikkei &< Foster, 1971). It occurs due to disulfide 
interchange reaction involving the lone sulfhydryl group of 
albumin (Stroupe & Foster, 1973). 
Primary structure 
Albumin is a non glycoprotein, one of the few secreted 
proteins which are devoid of carbohydrate. However, 
g I ycosyI at ion can be done under in vitro condition and 
glycosylated albumin has been formed in untreated diabetic 
patients (Shaklai e_t a_l_. 1984). The amino acid compositions of 
bovine, human and rat serum albumins are known with more 
certainty and are given in Table II (Peters, 1985). However, 
compositions of serum albumins obtained from monkey, dog, 
rabbit, chicken, mouse, frog and alligator have also been 
reported (Peters, 1970; Wallace & Wilson, 1972; Maclaren & 
Petras, 1976). The total number of amino acid residues varies 
from 575-585 for various albumin preparations. High content of 
cystine and charged amino acid residues (Asp, Glu, Lys and 
Arg) contributes towards its stability and solubility. 
Tryptophan content is low. Moreover, avian albumins have been 
reported to be devoid of tryptophan (Feldhoff & Peters, 1976). 
Higher number of acidic amino acid residues (Asp and Glu) as 
compared to basic amino acid residues (His, Lys and Arg) gives 
acidic nature to albumin. 
The primary structure of bovine (Brown & Shockley, 1982), 
human (Dugaiczyk e_t_ a I . 1982) as well as rat (Sarjent e_t. al . 
1981) serum albumins has been worked out. These sequences are 
slightly different from those published earlier (Brown, 1975; 
Behrens et. aj_. 1975; Meloun e^ aj_. 1975). About 60-80 % 
sequence homology has been found between these albumins. The 
primary structure of bovine serum albumin is shown in Fig. 1. 
Due to the presence of 17 disulfide bridges, the entire 
albumin molecule can be viewed as being organised into three 
homologous domains (Brown, 1976, 1977). These are comprised of 
residues 1-190, 191-362 and 383-582 in the primary sequence 
Table II 
Amino acid composition of three serum albumins 
Number of amino acid residues 
Amino acid Bov ine 
41 
13 
34 
28 
59 
20 
28 
16 
46 
36 
35 
4 
14 
61 
20 
27 
59 
17 
2 
23 
Human 
36 
17 
28 
24 
62 
20 
24 
12 
62 
41 
35 
6 
8 
61 
18 
31 
59 
16 
1 
24 
Rat 
32 
20 
33 
24 
57 
25 
30 
17 
61 
35 
35 
6 
13 
56 
21 
26 
53 
15 
1 
24 
Aspart ic ac id 
Asparagine 
Threonine 
Serine 
GIutamic ac id 
Glutamine 
Pro 1 ine 
G1yc ine 
A 1 ani ne 
Va1ine 
1/2 Cystine 
Methionine 
I so 1eucine 
Leuc ine 
Tyros i ne 
Phenylalanine 
Lys ine 
Histidine 
Tryptophan 
Arg i nine 
Total 563 585 584 
* as calculated from the amino acid sequences of bovine, human 
and rat albumins fPeters, 1985). 
Fig. 2 Amino acid sequence of bovine serum albumin (Brown 
& Shockley/ 1982). Position of disulfide bonds are 
shown by -4S\\\\\VI • Numbers 1-9 indicate the nine 
double loops of the protein molecule. 
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AMINO ACID SEQUENCE OF BOVINE SERUM ALBUMIN 
(Brown, 1976). Each domain contains 3 loops (large-small-
large) thus, giving rise a total of 9 loops (6 large and 3 
small) in whole albumin molecule. All except first, are double 
loops which are held together by disulfide bonds. The sequence 
homology between these domains are 18-25 % (Brown, 1976). This 
peculiar arrangement of larger and smaller loops in albumin 
molecule has suggested that it is evolved from smaller 
protein, one third or even one ninth of the present size by 
gene duplication (Brown, 1976; McLachlan & Walker, 1977). The 
distribution of various amino acid residues in albumin 
molecule is not uniform. Domain I and II of various albumins 
are negatively charged whereas the C-terminal III domain is 
either neutral or nearly neutral. Albumin like other proteins 
can change its shape and forms under a variety of 
circumstances. This flexibility can be attributed to its loop-
link-loop structures. Various evidences in support of 
flexibility are its denaturation and renaturation as well as 
its transition from one form to another form as has been 
discussed earlier. In the support of its flexibility (Ueber 
(1975) and Gurd & Rothgeb (1979) have shown the quenching of 
tryptophan fluorescence of native human serum albumin by 
oxygen and calculated the time for the entrance of oxygen as 6 
nano second. Moreover, flexibility in structure is also 
evidenced by the binding of various ligands to this protein. 
Binding of ligands 
Various investigators have studied ligand binding 
11 
properties of albumin in order to get an understanding about 
the role of albumin as a vehicle for biologically important 
ligands as well as about its tertiary structure. A variety of 
substances differing in structure and chemical properties are 
known to bind albumin (Peters, 1970, 1975, 1980, 1985). The 
list of such compounds is very long. Species differences in 
ligand binding to albumin have been reported. For example, 
hematin binds only to primates albumin, fatty acids have 
greater affinity to bovine albumin as compared to human 
albumin. These substances can be viewed as either cationic or 
anionic. Cationic ligands known to bind albumin are small 
inorganic ions like Ca (Pedersen, 1978; Hilak e_t_ a_l_. 1974), 
Cu ,Ni (Bradshaw et. ajl_. 1968; Sarkar, 1983; Laussac it 
Sarkar, 1984), Zn (Gurd & Wilcox, 1956), Mn (Nandedkar e^ 
al . 1973), Hg"^ "^  (Sarkar, 1983), Au"^ "*" (Shaw, 1979), Al"^ "^ "^  
+ + + + (Trapp, 1983), Co and Cd (Gurd & Wilcox, 1956). Among the 
anionic ligands, various organic anions such as long chain 
fatty acids (Brodersen &< Ebbesen, 1983), bilirubin (Brodersen 
1979a; Tayyab & Qasira, 1987; 1989; Mir et. aj_. 1992) and 
tryptophan (Fuller & Roush, 1973) are important from 
physiological point of view. In addition to these ligands, a 
large number of drugs are also known to bind to albumin after 
their administration into the blood stream. These include 
ampicillin, warfarin, diazepam, digitoxin, salicylic acid, 
dapsones, morphine, phenyl butazone etc. (Brodersen, 1974; 
Walker, 1976; Brodersen et_ aj_- 1977; Brodersen, 1978; 
12 
Robertson, 1991; Onks et_ aj_. 1991; Evans et^ al . 1992). Foster 
(1960) referred 'catholicity' of albumin due to its anion 
binding behaviour. In addition to endogenous ligands as well 
as various drugs, many organic dyes and pH indicator 
substances also bind albumin (Klotz, 1953). These are phenol 
red (Rodkey, 1961), bromocresol green (Rodkey, 1964), 
broraophenol blue (Bjerrum, 1968; Tayyab & Qasira, 1990), 
bromosulfophthalein (Flanagan & Ainsworth, 1968), Evans blue 
(Freedman & Johnson, 1969), congo red (Peters, 1970; Tayyab tx 
Qasira, 1990), 1-aniIinonaphthalene 8-su1fonate(ANS) (Anderson, 
1969; Daniel, 1966) etc. 
Binding of these ligands has been studied in greater 
detail at molecular level by various workers (Brodersen, 1974; 
Pedersen et, a_l_' 1977; Brodersen, 1978; Sjoholm et^ a 1 . 1979; 
Sjoholm & Stjerna, 1981), These studies have been proved 
useful in understanding the functioning of albumin in the 
transport of these ligands under various conditions. Due to 
the large number of ligands which bind to albumin, it is 
difficult to think of the same number of binding sites on 
albumin molecule. Based on their binding studies, Sjoholm and 
his group (Sjoholm ejt^  a 1 . 1979) has proposed three different 
classes of binding sites. These are characterized as warfarin, 
diazepam and digitoxin binding sites (Sjoholm et^ a 1 . 1979). 
Much attention has been focused on the interaction of 
bilirubin with albumin due to its physiological significance. 
Bilirubin, a degradative toxic product of hemoglcbin is 
transported to the liver by albumin, where it is conjugated 
with glucuronic acid and excreted in bile. Under some 
pathological conditions such as "kernicterus', bilirubin to 
albumin ratio exceeds one and therefore bilirubin binds 
additionally to the cell membrane and is deposited in the 
basal ganglia of the brain in central nervous system 
(Brodersen, 1979). 
Bilirubin-albuain interaction 
Details of bilirubin binding to albumin at molecular 
level are largely unknown because of the absence of X-ray 
crysta11ographic picture. However, the knowledge about this 
interaction is available based on several strategies such as 
binding of ligand to isolated fragments (Reed e_^  a_l_> 1975; 
Feldhoff & Ledden, 1983), affinity labelling (Jacobsen, 1976, 
1978), chemical modification (Walker, 1976; Jacobsen, 1976; 
Tayyab & Qasira, 1987, 1989), fast reaction kinetics ( Chen, 
1974; Faerch e_t aj_. 1975, 1977; Reed, 1977; Gray e_t. a]_. 1978) 
and chemical nature of competitors (Brodersen, 1974, 1978). 
There is one strong bilirubin binding site in albumin which 
remains mostly unfilled in vivo except in jaundiced patients. 
In addition to this site with a binding constant as 1.4 x 10 
M , two more sites are present in albumin which are 
relatively weaker (Ka = 5 x 10 M~ ) (Jacobsen, 1969). These 
sites (II and III) are ineffective to prevent the entry of 
free bilirubin into central nervous system (Brodersen, 1979). 
14 
Because of this, most of the studies have been performed to 
characterize the primary binding site on serum albumin. Reed 
and his group (Reed et_ a 1 . 1975) has reported only three 
fragments, out of 12 fragments studied, with a positive 
bilirubin binding characteristic, namely, P-13 <l-306), P-44 
(1-385) and P-14 (186-306). A sequence of 186-306 common in 
all three fragments of bovine serum albumin is proposed to be 
important for bilirubin binding. Absence of bilirubin binding 
by the bovine tryptic fragment (239-582) has narrowed down the 
binding region as 186-238. This region falls in between 
domains 1 and !1. Similarly, other workers have succeeded in 
isolating the fragments from human serum albumin namely P-44, 
P-29 and HPT-31 which bind bilirubin well (Feldhoff 8« Mackay, 
1976; Geisow & Beaven, 1977; Feldhoff & Ledden 1983). Based on 
coupling of bilirubin to albumin using carbodiimide, Jacobsen 
(1978a, b) has proposed the involvement of Lys-240 of human 
albumin in bi1irubin-a1bumin interaction. This is analogous to 
Lys-238 in bovine serum albumin. This conclusion is felt to be 
inconclusive on the basis of the inconsistencies in the 
recovery of labelled derivative (Brown & Shockley, 1982). 
Other studies based on affinity labelling also suggest the 
region of interest for bilirubin binding to human albumin as 
124-297 (Gitzelmann-Cumarasamy, 1978; Kuenzle, 1976, 1977). 
Earlier chemical modification studies suggest the importance 
of Lys, Arg, His and Tyr residues (Jacobsen, 1972). That this 
interaction involves an ion-pair bond, is suggested on the 
basis of very weak binding of mono-and disconjugated 
bilirubins to albumin (Peters, 1986). Jacobsen (1976) also 
has showed the involvement of lysine residues in this 
interaction by covalent coupling of bilirubin to albumin which 
is well supported by Roosdorp and his group (Roosdorp et al . 
1977). Conclusion based on chemical modification studies on 
albumin regarding the involvement of lysine residues, however, 
remains questionable, owing to the conformational changes in 
albumin brought about by chemical modification. Reed and 
Peters (1978) in an attempt of affinity labelling of bovine 
albumin with bilirubin have succeeded in isolating a labelled 
fragment (184-386). Edman sequenceing upto residue 211 could 
not reach the label (Peters, 1986). This result alongwith the 
earlier results suggests that primary bilirubin site is 
probably located in the sequence (211-238) of bovine albumin. 
Further, because of unusual high reactivity, Lys-220 of bovine 
albumin may be important in this interaction since the 
labelling with N-dansy1aziridine and dansyl chloride can be 
blocked by bilirubin (Peters, 1985). The homologous group in 
human albumin is Arg-222. In another study, Lys-195 is found 
to be labelled by bilirubin (Reed & MacKay, 1985). About 50 
drugs have been found to show competitive binding to bilirubin 
high affinity site (Brodersen, 1974, 1977). These ligands are 
anionic, contain aromatic structure and more or less water 
soluble. These features have added to our knowledge about the 
bilirubin binding site as polar one. Details about the 
bilirubin binding site on serum albumin molecule have been 
derived from the studies performed on bovine and human 
albumins. Although these proteins show sequence homology but 
due to the differences in primary structure, they may differ 
in their affinity as well as mode of interaction. Infact it 
has been shown earlier that rat serum albumin binds bilirubin 
acid not the anion in contrast to the human albumin which 
binds the anion not the acid. Keeping apart the disagreement 
regarding the identity of lysine residues in this interaction, 
participation of lysine residues in this interaction has not 
been challenged. Temperature and ionic strength dependence of 
this interaction has been studied by Jacobsen (1977) who found 
decrease in affinity on increasing temperature and ionic 
strength. These results suggest that entropy is more important 
in this interaction. Interaction is believed to be of 
hydrophobic in nature due to the low aqueous solubility of 
bilirubin. However, low aqueous solubility of bilirubin is 
explained by Brodersen (1979) on the basis of unique geometry 
in which two carboxyl groups are hydrogen bonded to pyrrole 
nitrogens. When bilirubin binds at the primary site, 
considerable geometric changes in bilirubin molecule take 
place involving rotation of the dipyrrole halves of the 
molecule. The bilirubin at its binding site probably exists in 
a more expanded conformation devoid of normal hydrogen bonded 
pattern (Jacobsen & Brodersen, 1983). The two negative charges 
contributed by carboxyl groups of bilirubin are probably 
1 / 
neutralized by the two catlonic groups of albumin. 
A brief review of the literature suggests that the 
details of bi1irubin-aI bumin interaction are poorly 
understood, requiring further investigation on this topic. I 
have studied the interaction of bilirubin with serum albumin 
isolated from a heither to uninvestigated source namely goat 
serum and its few maleylated forms. In this dissertation, 
various molecular as well as bilirubin binding properties of 
native and modified goat serum albumins are presented. Our 
results are in agreement with the previous reports regarding 
the involvement of lysine residues in bi1irubin-albumin 
interact ion. 
To understand the mechanism of bi1irubin-aIbumin 
interaction, preparation of albumin derivatives using 
reversible modifiers of amino groups, their interaction with 
bilirubin, isolation of a tryptlc fragment of serum albumin 
after tryptic digestion in presence of bilirubin and its 
interaction with bilirubin are some of the experiments which I 
would like to take in future. 
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EXPERIMENTAL 
A. Materials 
TABLE I 1 I 
List of chemicals/biochenicals used in this study 
Chemicai/Biochemical Specification Source 
Acetic acid glacial AR s.d. fine-chem., 
I nd ia 
Acrylaraide LR S.R.L., India 
Agar agar LR s.d. fine-chem., 
I nd ia 
Amido black-10 B LR s.d. fine-chem., 
I nd ia 
Ammonium sulphate LR s.d. fine-chem., 
1 nd ia 
Ammonium persulphate GR BDH, India 
Ammonia solution LR Glaxo Lab., India 
Ascorbic acid GR s.d. fine-chem., 
I ndia 
Bilirubin GR s.d. fine-chem., 
I nd ia 
Blue dextran 2000 LR Pharmacia Fine 
Chemicals, Uppsala, 
Sweden 
Bovine serum albumin Lot No (100 F-0249) Sigma Chemical Co., 
USA 
Bromophenol blue LR BDH, England 
Charcoal (activated) GR s.d.fine-chera., 
1 nd ia 
Chloroform LR BDH, India 
G o n t d . 
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*a-chymotrypsinogen Lot No (40F-8050) Sigma Chemical Co., 
(Type III) USA 
Copper sulphate LR s. d. fine-chem., 
I nd ia 
Dialyzer tubing 1 inch diameter Sigma Chemical Co., 
USA 
Dimethyl dichloro silane LR E. Merck, Germany 
Ethanol Chemically pure Glaxo Lab., India 
saraple 
Glucose LR Glaxo Lab., India 
Glycerol LR s.d. fine-chem., 
I nd ia 
Glycine LR Glaxo Lab., India 
r-Globulin Lot No (23F-93i5) Sigma Chemical Co., 
USA 
Hydrochloric acid AR BDH, India 
Hydroxy 1 amine hydrochloride LR Glaxo Lab., India 
Lithium sulphate LR BDH, India 
Liquid bromine LR BDH, India 
Maleic anhydride GR SRL, India 
2-Methoxy ethanol GR s.d. fine-chem., 
I nd ia 
Methanol GR E. Merck, India 
N, N'-Methy1enebisacry I amide LR SRL, India 
Ninhydrin AR s.d. fine-chem,, 
I nd ia 
N, N, N ' , N ' - t e t r a m e t h y 1 - LR SRL, I n d i a 
e t h y l e n e d i a m i n e 
O r t h o p h o s p h o r i c a c i d AR G l a x o L a b . , I n d i a 
c o n t d . 
^Ovalbumin, grade V 
Potassium dichromate 
Potassium ferricyanide 
Lot No ( 150C-8022) 
AR 
AR 
Potassium hydrogen phthalate LR 
Potassium permanganate LR 
Potassium sodium tartarate LR 
Seralose-6 B Fine grade 
Sodium acetate AR 
Sodium azide LR 
Sodium bicarbonate LR 
Sodium carbonate LR 
Sodium chloride AR 
tri-Sodium citrate LR 
Sodium hydroxide LR 
Sodium phosphate GR 
(d i bas ic) 
Sodium phosphate GR 
(monobas i c) 
Sodium molybdate LR 
di-Sodium tetraborate LR 
Sucrose LR 
Sulphuric acid LR 
Iris (hydroxymethy1) amino LR 
methane 
Sigma Chemical Co., 
USA 
BDH, India 
s.d. fine-chem. , 
I nd ia 
s.d. f ine-chem,, 
India 
BDH, India 
BDH, India 
5RL, I nd ia 
BDH, India 
s.d. fine-chem., 
I ndia 
BDH, India 
BDH, India 
Glaxo Lab., India 
BDH, India 
BDH, India 
Glaxo Lab., India 
Glaxo Lab., India 
s.d. fine-chem., 
I nd ia 
BDH, India 
BDH, India 
BDH, India 
BDH, India 
contd, 
Trichloroacetic acid 
Whatman filter paper 
Solid glass beads 
AR 
No. 1 
5 mm 
diameter 
s.d. f i ne-chem. , 
I nd ia 
U & R BalStan Ltd. , 
Eng1 and 
s.d.f ine-chem. , 
I nd ia 
AR = Analytical reagent 
GR = Guaranteed reagent 
LR = Laboratory reagent 
* Gift from Dr. Sibghatu1 1 ah, Cross Cancer Institute, 
11560, University Avenue, Edmonton, Alberta, Canada 
All glass distilled water was used throughout these 
studies. A M the experiments were performed at 25°C unless 
otherwise stated. 
B. Methods 
pH measurements 
pH measurements were carried out on a digital pH meter, 
type DPH-100 using DPH-100 combined electrode. The pH meter 
was routinely calibrated with 0,05 M potassium hydrogen 
phthalate buffer, pH 4.0 at ZS^C in the acidic range and with 
0.01 M sodium tetraborate buffer, pH 9.2 at 25°C in the 
a 1ka1i ne range. 
Optica.1 measurements 
Light absorption measurements were made on either Cecil 
single beam spectrophotometer, model CE-202 or Photochem 
colorimeter using quartz or glass cuvettes of 1 cm path 
length. Fluorescence measurements were performed on Shimadzu 
spectrofIuororaeter, model RF-540 using quartz cell of 1 cm 
light path. Fluorescence excitation and emission spectra of 
native and modified albumins were obtained in 0,06 f1 sodium 
phosphate buffer, pH 7.0 and at 25"'C using a slit width of 0.5 
ram. The protein concentration used for fluorescence 
measurements was 0.1 mg/ml to minimize the inner filter 
effect. The wavelengths used for measuring emission and 
excitation spectra were 282 and 338 nra, respectively. 
Determination of protein concentration 
Protein concentration was determined by the method of 
Lowry e_t. a_l_. (1951) using bovine serum albumin as the standard. 
It involved the use of two reagents, namely, Folin-phenol and 
copper reagent. These reagents were prepared in the following 
manner. 
(i) Preparation of copper reagent : The following stock 
solutions were prepared. 
.(1) 4 % (w/v) sodium carbonate 
(2) 4 % (w/v) sodium potassium tartarate 
(3) 2 % (w/v) copper sulphate 
Solutions (1), (2) and (3) were mixed in the ratio of 100 
: 1 : 1 in this sequence to avoid precipitation. The reagent 
was filtered before use. 
(ii) Preparation of Folin-phenol reagent ; The reagent was 
prepared by the method of Folin and Ciocalteu (1927). Hundred 
grams of sodium tungstate, 25 gm of sodium molybdate, 48.2 ml 
of 85 % (v/v) orthophosphoric acid, 100 ml of 11.3 N 
hydrochloric acid and 700 ml of water were mixed together and 
the contents were refluxed gently in a round bottom flask 
wrapped with black paper for ten hours. After cooling, 150 gra 
of lithium sulphate, 50 ml of water and few drops of liquid 
bromine were added. The mixture was boiled without condenser 
for 30 minutes to remove excess bromine. The solution was 
cooled, filtered and diluted to one litre. The yellow coloured 
reagent was stored in an amber coloured bottle. The stock 
solution was diluted five times with water before use. 
'7 3. 
(iii) Procsdure : An appropriate volume of the standard 
protein solution (13.5 rag/25 ml) in the range of 0.1-0.7 ml 
was taken in a series of test tubes and the total volume was 
made to 1.0 ml with water. Five millilitres of freshly-
prepared copper reagent was added to all the tubes and these 
were left at room temperature for 10 minutes. Then 1.0 ml of 
diluted Folin-phenol reagent was added and the contents were 
mixed well. After 30 minutes, the colour intensity was read at 
700 nm against a blank prepared in the same way except that 
instead of protein solution, 1.0 ml of water was taken. A 
graph was plotted between absorbance at 700 nm and protein 
concentration (Fig. 2) which yielded the following straight 
line equat i on : 
Absorbance at 700 nm = 1.7 (protein cone, mg) + 0.09 (1) 
Isolation of goat serum albumin 
Goat serum albumin (GSA) was isolated by the method of 
Tayyab and Qasim (1990). Citrated goat blood was centrifuged 
at 3000 rpm for 20 minutes to obtain plasma. To 500 ml of goat 
plasma in a one litre conical flask was added sufficient 
amount of 4 M ammonium sulphate solution (whose pH had been 
previously adjusted to 7.0 with ammonium hydroxide) to make 
the serum 2.26 rt in ammonium sulphate. The mixture was kept 
for 12 hours at room temperature and then centrifuged at 6000 
rpm for 30 minutes. The precipitate was discarded and the 
supernatant was carefully diluted with water such that the 
.:. "J 
0.10 0.20 0.30 0.^ 0 
Protein concentration (mg) 
Fig. 1. Calibration curve for the determination of protein 
concentration by the method of Lowry et_ al_. (1951). 
Using bovine serum albumin (BSA) as standard. 
Straight line was drawn by the method of least 
squares. 
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final concentration of ammonium sulphate was reduced to 1.9 M 
and the pH was adjusted to 4.1 with 0.5 N sulphuric acid. The 
mixture was incubated for about 12 hours at room temperature 
and the precipitate was collected by centrifugation at 6000 
rpm for 30 minutes. It was washed three times with 2.2 M 
ammonium sulphate solution, pH 4.2 and then dissolved in 0.06 
M sodium phosphate buffer, pH 7.0. The protein preparation 
thus obtained was ^extensively dialysed against 0.06 M sodium 
phosphate buffer, pH 7.0. It was stored at 4°C and its 
concentration was determined by the method of Lowry e_t. al . 
(1951 ) . 
Polyaery 1 amide gel olectrophorosis 
PoIyacryI amide gel electrophoresis was performed in tris-
glycine buffer, pH 8.2, ionic strength 0.02 according to the 
method of Davis (1964). The gel tubes (0,5 x 9 cm) were washed 
with detergent, chromic acid and finally with water. The dried 
tubes were siliconized with a solution of 5 X (v/v) dimethyl 
dichlorosi1ane in chloroform. Then the tubes were fixed 
vertically in a stand by keeping the lower ends closed with 
the help of stoppers. A small pore solution containing 7 % 
(w/v) acrylamide, 0.18 % (w/v) N, N'-me thy Ienebisacry1 amide, 
0.03 % (v/v) N, N, N', N'-tetramethy1ethylenediamine (TEMED) 
and 0.07 % (w/v) ammonium persulphate was prepared. To each 
tube, 2 ml of this solution was poured and the surface of 
smal! pore solution was carefully layered with few drops of 
water. After 30 minutes of incubation at room temperature, 
sufficient for polymerization, water layer was removed using 
strips of filter paper. The surface was rinsed with small 
amount of e1ectrophoretic buffer. For sample preparation, 200 
Mg protein was taken in about 0.1 ml of eIectrophoretic buffer 
containing one drop of glycerol. Gel tubes were fitted in an 
electophoresis assembly. About 0.04 ml of the sample was 
applied and the empty space in the tube was carefully filled 
with the e1ectophoretic buffer. Few drops of a 0.01 % (w/v) 
broraophenol blue in 0.1 N sodium hydroxide (w/v) solution 
were added in the upper chamber and then the buffer was added 
in a volume such that the gel tubes were completely dipped. An 
anodic current of 2-4 milliampere per tube was passed till the 
broraophenol blue front had migrated to nearly three fourth of 
the gel length. After 2 hours, electrophoresis was terminated 
and the gels were taken out from the gel tubes and stained for 
one hour in 1 % (w/v) amido black solution prepared in 1 % 
(v/v) acetic acid. The position of tracking dye was marked by 
inserting a small piece of wire before placing these gels in 
staining solution. Destaining was performed mechanically by 
shaking the tubes with 7 % (v/v) acetic acid at ST'^C. The 
relative mobility was obtained by dividing the distance 
travelled by the protein band with that of tracking dye. 
Gel chromatography 
The chromatographic column was packed in the same way as 
described by Tayyab e_t_ aj_. (1991). About 100 ml of Seralose 6-
B supplied in swollen state was taken and the fine particles 
1-1; 
present in the gel were removed" by repeated decantat i tins. 
Before packing, a glass column (2.0 x 60 cm) of uniform 
diameter was thoroughly washed with detergent, chromic acid 
and finally with water. Then it was mounted in a vertical " and 
vibration free position. The narrow bore outlet of the column 
was connected to a small latex tubing attached with a screw 
stop-cock for regulation of flow rate. The diameter of the 
column was determined at several places along the height of 
the column. Three pieces of graph paper, each of 3 cm length 
were pasted at three different places of the column which was 
previously filled with water. Volumes of water corresponding 
to 3 cm height in the column, were collected in three pre-
weighed weighing bottles. The volume of water corresponding to 
the height (1) of 3 cm was then determined by dividing the 
weight (w) by density (d). The volume of cylindrical mass of 
liquid is given by : 
V = TC r 1 = w / d 
w 
d X It X 1 
<2) 
(3) 
where r is the radius of the column in cm and V represents the 
volume of water delivered to the weighing bottles. The total 
volume (Vt' °^ ^^^ column can be calculated with the help of 
the following equation : 
V f = It r h (4) 
where h denotes the total bed height of the column. 
A small amount of glass wool, previously boiled in water, 
was placed at the bottom of the column and its surface was 
covered with few glass beads. One third volume of the column 
was filled with the operating buffer. Then whole gel slurry 
was poured in a single step using glass column extension with 
the help of a glass rod. The gel was left to settle under 
gravity overnight at room temperature. When the gel formed a 
smooth surface, the outlet was opened with a flow rate of 5 ml 
per hour. As the gel settled down, the flow rate was increased 
gradually to a value higher than that to be employed during 
elution i.e. 25 ml/hr. The gel bed was stabilized by passing a 
volume of eluent <0.06 M sodium phosphate buffer, pH 7.0 
containing 0.02 % sodium azide) which was three times the 
total bed volume. 
For sample application, the operating buffer above the 
column bed was first drained off and then sample was appplied 
onto the column with the help of an applicator. The stop-
cock was then opened slowly and the sample was allowed to pass 
down the upper surface of the gel. When all the sample had 
migrated into the gel, the buffer was applied and the column 
was connected to a reservoir. The elution was performed with a 
flow rate of 15 ml per hour. Fractions of 5 ml and 3 ml were 
collected and column was monitored for protein using the 
method of Lowry 0_t_ a 1 . (1951). 
The homogeneity of packing was checked by passing a band 
of 0.2 % (w/v) solution of blue dextran 2000 through the 
column. The elution volume (Vg) of blue dextran yielded the 
void volume (VQ' °^ ^^^ column. The inner volume (Vj) was 
obtained by subtracting the void volume from the elution 
volume of glucose. 
For analytical gel filtration, the column was calibrated 
by passing marker proteins of known Stokes radii (Andrews, 
1970). These proteins with their Stokes radii in parentheses 
were: T-globulin (5.30 nra), bovine serum albumin dimer (4.30 
nm), bovine serum albumin monomer (3.55 nm), ovalbumin (2.73 
nm) and ot-chymot ryps i nogen (2.24 nm). The elution volumes of 
these proteins were determined two to three times. They were 
normalized into K,^  and K^y values with the help of the 
following equations : 
(5) k" J -
•^d 
^ a v " 
Ve - Vo 
Vi 
Ve - Vo 
V t - Vo 
(6 ) 
where K^ j and K^y are distribution coefficient and available 
distribution coefficient for a protein with elution volume Vg. 
VQ and Vj are the void volume and inner volume of the column. 
V (^  is the total volume of the gel in the column. 
Maleylation of goat serum albumin 
Maleylation of goat serum albumin was performed 
essentially by the method of Butler and Hartley (1972). 
Varying amounts (35.5 mg, 71.0 rag, 710.0 mg and 142.0 mg) of 
solid maleic anhydride were added slowly to 1 gm protein 
solution (20 mg/ml) in 0.06 M sodium phosphate buffer, pH 8,0 
at 4°C in order to obtain the molar ratio between anhydride 
and protein as 25, 50, 500 and 1000. The reaction mixture was 
gently stirred and its pH was maintained in the pH range 8.0 -
8.5 by simultaneous addition of 0.5 N sodium hydroxide. After 
the completion of the reaction, the modified preparations were 
extensively dialyzed against 0.06 M sodium phosphate buffer, 
pH 7.0 and stored at 0°C. 
Quantification of modification 
Modified a- and €- amino groups were quantitated by the 
ninhydrin reaction method as described by Moore and Stein 
(1954). This method involved the use of ninhydrin reagent 
which was prepared in the following manner. 
(a) Preparation of hydrindantin : To 1 gra of ninhydrin 
solution dissolved in 25 ml of water at 90°C was added 5 ml of 
a 20 % (w/v) ascorbic acid solution with continuous stirring. 
After 30 minutes, the contents were cooled under tap water and 
the crystals thus obtained were filtered, washed twice with 
ice cold water and dried in a desiccator under reduced 
pressure. The dried crystals were stored in the dark. . 
(b) Preparation of ninhydrin reagent ; Three hundred 
milligrams ninhydrin and 100 mg hydrindantin were dissolved in 
76 m! of 2-niethoxy ethanol and the volume was made upto 100 
ml with 4 M sodium acetate buffer, pH 5.5. This reagent was 
stored in an amber coloured bottle at S^C and used within a 
week. 
(c) Procedure : Varying concentrations of protein were taken 
in 1 ml of water followed by the addition of 1 ml of 4 M 
sodium acetate buffer, pH 5.5 and 1 ml of ninhydrin reagent. 
The tubes were placed in a boiling water bath for 20 minutes 
then cooled under tap water and the contents were diluted by 
adding 50 % ethanol to each tube. The colour intensity was 
read at 570 nm against an appropriate blank which was prepared 
in the same way but without protein. Extent of modification 
was calculated, using the following equation from the straight 
line plots between the amount of protein and absorbance at 
570 nm for the modified and unmodified preparations. 
m 
% modification = ( 1 - ) X 100 (7) 
m. 
where m and mQ represent slopes of the straight lines obtained 
for modified and unmodified albumins respectively. 
The number of tyrosine residues modified during 
maleylation of GSA was determined essentially by the method of 
Riordan and Vallee (1967). Modified preparations were treated 
with 1 M hydroxy 1 amine at pH 7.5 for 20 minutes and the 
increase in absorbance at 276 nm due to deacylation of 0-acyl 
tyrosyl residues was measured. The number of tyrosyl residues 
modified, N, was computed from the equation ; 
A278 X M 
N = (8) 
1160 X C 
where M is the molecular weight of protein; C is protein 
concentration in mg/ml; ^273 is the increase in absorbance 
at 278 nm; 1160 is the increase in extinction due to 
deacylation of one mole of 0-acyl tyrosyl residues. 
Iranunological experiments 
(a) Preparation of antigen solution : Antigen solution was 
prepared for injection according to the method of Kabat and 
Mayer (1961) using alum as an adjuvant. To a protein solution 
<15 mg/ml) In 0.06 M sodium phosphate buffer, pH 7,0, was 
added 0.1 ml of a 10 X (w/v) solution of potassium aluminium 
sulphate with proper mixing and 0.1 ml of 10 % (w/v) sodium 
carbonate was added to bring the pH to 7.0. The antigen 
solution was prepared just before injection to avoid any 
aggregat ion. 
{b) Imounization ; Before immunization, the blood was drawn 
from each rabbit by cardiac puncture and was used as the 
control for subsequent experiments. A total of about 127 rag 
protein was injected intramuscularly in each rabbit with a gap 
of one day. In the first week, 4 mg GSA was injected in each 
rabbit, in the second, third and fourth week, 6, & L 10 mg 
antigen was injected. After a gap of one week, a booster dose 
of 15 mg was given. Then after a rest period of 7 days, 15 ml 
blood was drawn by cardiac puncture in 8th and 9th week. The 
antiserum was separated by centrifugation at 2000 rpm for 10 
minutes and kept at 0°C in the presence of 0.02 % (w/v) sodium 
az ide. 
(c) Double immunodiffusion : The double immunodiffusion of 
native and various maleylated albumins against anti-GSA 
antiserum was performed according to the method of Ouchterlony 
(19A9). The antiserum was heated at 56°C for 30 minutes to 
inactivate the complement prior to the experiment. One 
percent agar solution in normal saline containing 0.02 % (w/v) 
sodium azide was heated at 100°C for 5 minutes. 5 ml of this 
solution was layered on a glass plate ( 5 x 5 cm) and left at 
room temperature to seraiso1 idify. At equidistance, four 
peripheral and one central wells were made. About 20 ^\ of 
anti-GSA antiserum was loaded in the central well and in the 
peripheral wells, different volumes of native and modified 
albumins were loaded. The diffusion of antigen and antibody 
was allowed to take place for 2 hours at 37°C followed by 24 
hours at A-^C. 
Solubility experiments 
Solubility measurements were performed in an unbuffered 
concentrated ammonium sulphate solution at pH 7.0 and at 37°C 
by the procedure described by Qasim et_ a 1• (1981). After 
incubation of a given amount of protein in different 
concentrations of ammonium sulphate for 12 hours, the mixture 
was centrifuged. The protein present in the supernatent was 
precipitated out with 10 % <w/v) trichloroacetic acid and the 
reaction mixture was again centrifuged. The precipitate thus 
obtained was dissolved in a known volume of 4 ?i (w/v) sodium 
carbonate solution and the protein was estimated by the method 
of Lowry e_t_ a 1 . (1951). The data were analysed with the help 
of Setschenow equation (Poillon and Bertles, 1979) : 
log S = 6 - Kg I (9 ) 
and log S = 6 - Kg Cg (10) 
where S is the solubility of the protein in g/Iit at an ionic 
strength I. Kg is salting-out parameter and B is the limiting 
value of log S in the absence of salt. Cg is the molar 
concentration of ammonium sulphate and Kg ( = 3 Kg) is the 
Setschenow constant. 
Bilirubin-albuain interaction 
Interaction of bilirubin with goat serum albumin and its 
modified forms was studied spectrophotometrica11y and by 
fluorescence quenching. 
(a) Spectral method : Bilirubin solution was prepared by 
taking 4 mg bilirubin crystals in 5 ml of 5 mM sodium 
hydroxide solution containing 1 raM EDTA and the volume was 
made upto 50 ml with 5 mM sodium phosphate buffer, pH 8.0. The 
bilirubin solution was kept in the dark at 10°C and prepared 
just before the experiment. The concentration of bilirubin was 
determined spectrophotometrica11y using a molar absorptivity 
of 47,500 at 440 nm (Jacobsen and Uennberg, 1974). 
Five milligrams native or modified albumins were taken in 
5 mM sodium phosphate buffer, pH 8.0 and the desired volume of 
stock bilirubin solution was added to obtain a molar ratio of 
bilirubin to albumin as 1 : 1 and the total volume was made 
upto 15 ml with 5 mM sodium phosphate buffer, pH 8.0. The 
absorption spectra of free bilirubin as well as bilirubin-
albumin complex were recorded at room temperature in the 
wavelength range 400-550 nm. For taking the absorption 
spectrum of free bilirubin, the solution was made in the same 
way except that it did not contain any protein. 
The difference spectra were obtained manually by 
subtracting the absorbance values of free bilirubin solution 
from that of bi1irubin-a1bumin complex at each wavelength. The 
difference absorption spectra of native and various modified 
albumins were obtained at three different ionic strengths viz; 
0.015, 0.15 and 1.00. Throughout these studies, 5 mM sodium 
phosphate buffer, pH 8.0 was used and the desired ionic 
strength was adjusted by adding the requisite amount of sodium 
chloride to it. 
(b) Fluorescence quenching : Interaction of bilirubin with 
native and raaleylated albumins was studied by fluorescence 
quench titration method performed at 25*C using 5 mM sodium 
phosphate buffer, pH 8.0. To a protein solution (2-9 )iM) taken 
in a series of test tubes, desired volume of stock bilirubin 
solution was added to obtain different molar ratio of 
bilirubin to albumin ranging from 0.0, 0.2-1.0 and the final 
volume was made upto 5 ml with 5 mM sodium phosphate buffer, 
pH 8.0. Fluorescence emission spectra were recorded in the 
wavelength range 300-400 nra by exciting the protein solution 
at 283 nm using a slit width of 0.5 mm. The fluorescence 
emission spectra were recorded exactly after 10 minutes of the 
addition of bilirubin solution. Ionic strength adjustments 
were made as above. 
RESULTS AND DISCUSSION 
Isolation of goat serum albumin 
Goat serum albumin was isolated as described in the 
experimental section. About 2 gm protein was obtained from 100 
ml of goat serum. The preparation gave a single and almost 
symmetrical peak on a Seralose-6B column (Fig. 3) indicating a 
fair degree of size homogeneity. The protein thus obtained 
had elution volume identical to that of bovine serum albumin 
(BSA), the ratio of the elution volume to the void volume 
(Ve/Vo> being 2.26 in both the cases. The preparation was also 
found to be pure with respect to charge as evidenced by the 
e1ectrophoretic pattern of GSA under native conditions in 
which it gave a single band (see inset of Fig. 3 ) . The 
relative mobility of GSA on 7 X po1yacry1 amide gel was found 
to be similar to that of BSA. 
Maleylation of goat serum albumin 
Maleylation of GSA was performed using molar ratio of 
anhydride to protein in the range of 25 to 1000. Results of 
ninhydrin colour reaction for native as well as modified 
preparations of GSA are shown in Fig. 4. Extent of 
modification wa<5 obtained by least squares analysis of these 
results by substituting the values of slope in equation' (7). 
Values of percent modification for each preparation thus 
obtained are given in Table IV. Thus four maleylated 
derivatives of GSA namely M4Q, ^46' ^84 "^*^  '^98 having 
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Fig. 3 Elution profile of GSA on Seralose-6B column 
(2.0x60 cm). Elution was performed with sodium 
phosphate buffer/ pH 7.0, I = 0.15 at a flow rate 
of 16 ml/h in 3 and 5 ml fractions. Column was 
monitored by the method of Lowry e^ al_. (1951). 
Inset shows the electrophoretogram on 7% 
polyacrylamide gel. 
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Fig. 4 Plots of ninhydrin colour intensity versus protein 
concentration for native and maleylated albumins. 
The protein preparations are : native GSA (0-~0)' 
GSA treated with increasing molar excess of 
maleic anhydride : 25 (fir—^) , 50 ( • — # ) , 500 
{^y~A) and 1000 (ifc—A ). Straight lines were drawn 
by the method of least squares. Percent 
modification was calculated by substituting the 
values of the slope for native and modified 
albumins in eq. (7). Inset shows a correlation 
between extent of maleylation and the molar ratio 
of anhydride to protein. 
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TABLE IV 
Acylation of ai ino groups of goat serua albtnin with l a l e i c anhydride 
Molar ratio Extent of aaino group Huiber of aiino Huiber of tyrosine Relative 
anhyd-ide/ sodif ication groups aodified residues lodi f ied n b i l i t y 
protein ()l 
0 
2* 
28 
50 
59 
» Total nuiber of free anino groups in GSA was taken to be 60 (59 Lys + 1 a-aiino group) 
0 
25 
50 
500 
1000 
0 
40 
46 
84 
98 
0 
1.0 
3.0 
5.0 
6.0 
0.68 
0.69 
0.71 
0.86 
0.59 
percent modification as 40 %, 46 %, 84 % and 98 % were 
prepared. Transformation of these results into the number of 
lysine residues modified was not possible in the absence of 
amino acid composition of GSA. However, due to similarity in 
gel filtration as well as e1ectrophoretic pattern of GSA and 
BSA, the number of charged residues in both proteins was 
assumed to be equal. Taking the total number of amino groups 
(a- and €-) in GSA as 60 (as found in BSA), the number of 
modified lysine residues in each preparation can thus be 
calculated and are given in Table IV. Reaction of proteins 
with maleic anhydride can modify the amino, tyrosyl, seryl, 
and threonyl groups of proteins (Butler 8< Hartley, 1972). 
However, under slightly alkaline conditions as used in this 
study, the reaction was supposed to be specific for the amino 
groups of proteins. But few tyrosine residues were also 
modified. That the reaction had mainly occured at amino 
groups was evident from the decrease in ninhydrin colour 
reaction (see Fig. 4). The modification of tyrosine residues 
was checked by hydroxy 1 amine treatment of these preparations 
under standard conditions. (Riordan & Vallee, 1967; Freedraan 
et a 1. 1968) and the number of modified tyrosine residues in 
various GSA derivatives are listed in Table IV. From the 
results it can be seen that as much as 98 X lysine residues 
along with 6 tyrosine residues can be modified at 1000 molar 
excess of maleic anhydride over protein. 
Polyacry1 amide gel electrophoresis 
Po1yacry1 amide gel electrophoresis results of native and 
various maleylated preparations of GSA obtained at pH 8.2 and 
ionic strength 0.02 are shown in Fig. 5 and their relative 
mobilities are listed in Table IV. All preparations gave a 
single band showing homogeneity in chemical modification. 
Results showed an increase in the relative mobility on 
increasing modification upto 46 % maleylation beyond which it 
decreased. Introduction of each maleyl group into GSA 
increases the net negative charge on the protein by two units 
around pH 8.0. Therefore, modified preparations of GSA should 
have more negative charges than native GSA, which should cause 
an increase in their relative mobilities. However, higher 
modified GSA preparations viz. 84 % and 98 % maleylated GSA 
had abnormally low relative mobility as shown in Fig.5 and 
Table IV. It should be remembered that the Stokes radius of 
the protein also contributes to its mobility in po1yacry1 amide 
gel electrophoresis. As shown below, there was a cft)nsiderab1e 
increase in the Stokes radius of GSA upon 84 % and 98 % 
modification and this increase could be responsible for the 
abnormal mobility of these preparations in po1yacry1 amide gel. 
Gel filtration results 
Hydrodynamic properties such as Stokes radius, diffusion 
coefficient and frictional ratio of native and different 
maleylated GSA preparations were determined from their elution 
volumes (see Table V) obtained on a Seraloae-GB column at pH 
Fig. 5 Polyacrylamide gel electrophoresis of native and maleylated 
GSA preparations on 7% (w/v) polyacrylamide gels at pH 8.2, 
ionic strength 0.02. Gels were stained with 1% (w/v) amido 
black in 7% (v/v) acetic acid. The numbers indicate various 
maleylated albumins. The movement of tracking dye in each 
gel is shown by an arrow. 
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TABLE V 
Gel f i l t i a t i o n data for latksr piots ins ,nat ive and vatious u l a y l a t s d goat seiua alb\»ins 
obtained on Seralose-6B coluin 12.0 x 60 c t ) at pH 7 . 0 , ionic strength 0.15 
Proteins Stokes 
radius 
(ni) 
r-globulin 5.30 
BSA (diier) 4.30* 
B5A (lonoier) 3.55 
Ovaibuain 2.73 
a-chyiotrypsinogen 2.24 
Native GSA 
40 % aaleylated 
GSA 
46 % aaleylated 
GSA 
84 % aaleylated 
GSA 
98 t aaleylated 
GSA 
111) 
116 
125 
145 
157 
168 
145 
134 
126 
123 
119 
h 
0.464 
0.545 
0.723 
0.830 
0.928 
0.723 
0.625 
0.554 
0.525 
0.491 
Kjy 
0.416 
0.488 
0.648 
0.744 
0.832 
0.648 
0.560 
0.496 
0.472 
0.440 
l-log Kjy)* 
0.617 
0.558 
0.434 
0.358 
0.282 
0.434 
0.502 
0.552 
0.571 
0.597 
erfc"^K^ 
0.519 
0.427 
0.250 
0.150 
0.064 
0.250 
0.346 
0.419 
0.448 
0.488 
Taken froa Andrews (1970) 
7.0, ionic strength 0.15 and at 25''C. The column was 
calibrated by passing standard proteins of known Stokes radii. 
The elution profiles of modified GSA preparations as well as 
those of marker proteins on Seralose-6B column are shown in 
Figs. 6 - 9. As can be seen from the figures, all modified 
preparations eluted in a single symmetrical peak showing size 
homogeneity. Elution volume of native GSA decreased from 145 
to 119 ml upon 98 % maleylation. This decrease in elution 
volume was indicative of conformational change in protein 
molecule. Values of elution volume of marker proteins as well 
as of native and modified GSA preparations were used to 
calculate the distribution coefficient, K(j, and available 
distribution coefficient Kgy, as described in Materials and 
Methods. These are listed in 4th and 5th columns of Table V. 
Treatment of gel filtration data according to Laurent and 
Killander (1964) and Ackers (1967) is graphically shown in 
Fig. 10 A and B. A least squares analysis of these data 
yielded the following straight line equations: 
(-log Kay)^ = 0.114 (Stokes radius) + 0.0357 (11) 
Stokes radius = 6.34 erfc'^Kj + 1.852 (12) 
The values of Stokes radii of native and modified GSAs 
calculated from these equations are given in Table VI, and the 
mean of these values (4th column) was used in further 
calculations. Values of diffusion coefficient, D, and 
frictional ratio f/^o , were calculated from the values of 
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TABLE VI 
Hrdrodjrnaiic properties of native and lalerlated ;oat 
serui albuiins at pH 7.0 and ionic strength 0.15 
GSA preparations Stokes radius ini) Diffusion Frictional 
coefficient. ratio, 
froieq.lU) froi eq.(12) Rean D i 10 (ci/sec) f/f 0 
Native 3.50 3.43 3.47 6.42 1.29 
40 » laleylated 4.10 4.04 4.07 5.47 1.50 
46 % laleylated 4.54 4.50 4.52 4.92 1.66 
84 » lalaylated 4.71 4.69 4.70 4.74 1.71 
98 » laleylated 4.94 4.94 4.94 4.51 1.79 
stokes radii by using the following relationship (Andrews, 
1970) . 
D = 
kT 
6n:t\a 
f/f, 
{3V2M/4n:N) 1/3 
( 13) 
( 14) 
— 1 6 
where k is the Boltzmann constant (1.386 xlO ergs/degree), 
T is the absolute temperature, r^  is the viscosity of the 
solvent (0.01 poise), V2 is the partial specific volume, M is 
the molecular weight of the protein and N is the Avogadro's 
23 
number (6.023 xlO per mole). Molecular weight for native 
GSA was taken as 67,000 while the molecular weights for 
various maleylated preparations were calculated by adding the 
molecular weight contribution of maleyl groups. A value of 
0.733 was used for partial specific volume for native and 
modified GSA preparations. 
A review of various hydrodynaraic properties of native and 
maleylated GSAs (Table VI) clearly indicates that upon 
maleylation, the protein underwent significant conformational 
change as evident from the increase in the Stokes radius (from 
3.47 nm to 4.94 nra) and fractional ratio (from 1.29 to 1.79) 
and a decrease in the diffusion coefficient (from 6.42 x 10 
2 -7 2 
cm /sec to 4.51 x 10 cm /sec,) (see Fig. 11). The native GSA 
had a fairly compact and globular conformation (f/f 1.3). 
Upon maleylation, however, the molecule seems to under;^o malar 
54 
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Fig. 11 Effect of maleylation of goat serum albumin on its 
Stokes radius (#} and frictional ratio (A) . The values 
of Stokes radii and frictional ratio were calculated 
from gel filtration data. 
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conformational change probably involving both secondary and 
tertiary structural changes in protein. These conformational 
changes occuring in GSA upon maleylation have been attributed 
to electrostatic destabi1ization of the native protein 
conformation. Maleylated GSA would have substantially more 
negative charges or electostatic free energy than the native 
protein since each maleyl group increased the net negative 
charge on the protein by two units at or near pH 8.0. Similar 
type of effect has also been reported earlier in case of 
ovalbumin (Qasim & Salahuddin, 1979) and in BSA after 
succinyI at ion of its lysine residues (Chang & Sun, 1978, 
Tayyab & Qasim, 1987). 
Immunological studies 
Immunological cross-reactivity of maleylated albumins 
against anti-GSA antiserum was studied using double immuno-
diffusion technique of Ouchterlony (1949). Results of double 
immunodiffusion obtained at pH 7.0, ionic strength 0.15 by 
using anti-GSA antiserum and native and maleylated GSAs as 
antigens are shown in Fig. 12 and Table VII. It is clear from 
the figure that arcs obtained with native and lower modified 
GSA preparations, viz. 40 X and 46 X fused completely whereas 
higher modified forms (84 % and 98 X) did not produce any arc 
with anti-GSA antiserum. It appears that upto 46 % 
modification, most of the antigenic determinants remained 
unchanged but at higher degrees of modification, significant 
alterations in the antigenic make-up of protein took place 
Fig. 12 Immunodiffusion pattern of native and maleylated 
albumins against anti-GSA antiserum. The central well 
contained antiserum whereas peripheral wells contained 
albumins or one of its modified forms. The various 
numbers refer to percent maleylated albumins 
whereas N stands for native albumin. 
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TABLE V I I 
Interaction of native and various maleylated 
albumins with anti-GSA antiserun 
GSA preparations Double immunodiffusion pattern 
Nati ve 
40 % maleylated 
46 % maleylated 
84 % maleylated 
98 % maleylated 
Arcs present (fused) 
Arcs present (fused) 
Arc present (fused) 
Arcs absent 
Arcs absent 
which resulted In the loss of immunological cross-reactivity. 
These results were in accordance with the gel filtration data 
which suggested major conformational changes in highly 
modified preparations. 
Solubility results 
Solubility measurements of native and various maleylated 
goat serum albumins were performed in concentrated ammonium 
sulphate solution to study the conformational changes in these 
preparations brought about by maleylation. The results were 
analysed with the help of Setschenow equation (9) and the 
plots of log solubility versus ionic strength are shown in 
Fig. 13. Within the experimental error, all the preparations 
showed linear relationship between log of protein solubility 
and ionic strength. The values of salting-out parameters Kg 
and fl obtained by least squares analysis are given in Table 
VIII. 
In this study, a linear relationship between log of 
protein solubility and ionic strength was observed though, 
Wong and Foster (1969a) invariably obtained sigmoidal curves 
in the plot between solubility and Z (concentration of salt in 
dialysate) which they interpreted as due to the presence of 
raicroheterogeneity. It may, however, be pointed out that in 
this study only that range of ammonium sulphate was choosen 
where the solubility of the protein was in between 20-80 % of 
the original amount taken. In this range, the plots obtained 
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TABLE VIII 
Salting-out parameters for native and maleylated 
goat serum albumins at pH 7.0 and at SO'C 
GSA preparations K. & 
Native 
40 % maleylated 
46 % maleylated 
84 % maleylated 
98 X maleylated 
O. 90 
0. 69 
0.66 
O. 40 
0.30 
7.3 
4. 5 
4. 4 
2.5 
1.6 
6i 
by Uong and Foster (1969b) were also nearly linear. 
Goat serum albumin was found to have the same Kg value 
(0.90) as that obtained for BSA (Tayyab & Qasim, 1986). From 
the solubility results presented in Fig. 13 and Table VIII, it 
can be seen that there was a slight decrease in Kg and fi upto 
46 X modification whereas drastic changes in these parameters 
were observed in 84 % and 98 % modified preparations. It would 
be plausible to assume that solubility differences were 
because of the major conformational changes in these two 
preparations since these conformational changes may expose 
some of the hydrophobic amino acid residues which would alter 
the normal protein-solvent interactions, with consequent 
changes in solubility characteristics. These results further 
supported the hydrodynamic as well as immunological data of 
various maleylated preparations. Moreover, solubility data 
also suggested that conformational changes in maleylated GSA 
preparations were not solely due to electrostatic destabili-
zation but steric factor also played an important role since 
a small proton was replaced by several times bulkier raaleyl 
group. If electrostatic factor was only responsible for these 
conformational changes, one should expect no change in 
solubility characteristics of these preparations which were 
measured at very high ionic strength. In several earlier 
reports role of both electrostatic and steric factors has been 
suggested for the destabi1ization of native protein 
conformation (Ansari e_t^  a_l_. 1975 ; Qasim & Salahuddin, 1978; 
(nZ 
Tayyab & Qaslm, 1986) 
Interaction with bilirubin 
(a) Visible light absorption : The aqueous solution of 
bilirubin gave a visible absorption spectrum with a maximum 
near 435 nm. Addition of native or maleylated albumins caused 
a red shift of about 30 nm (Fig.14). This red shift is 
characteristic of the interaction of bilirubin with albumin. A 
similar red shift has also been reported by several workers 
<Brodersen, 1979; Lightner et^ a_L- 1986; Tayyab 8. Qasim, 1987). 
The visible difference spectra for the interaction of 
bilirubin with native and maleylated albumins at pH 8.0 and 
ionic strength 0.15, obtained manually by subtracting the 
absorption spectrum of bilirubin from that of bilirubin-
alburain complex are shown in Fig. 15. The difference spectra 
of bi1irubin-albumin complex were also obtained at pH 8.0 and 
at two other ionic strengths, viz. 0.015 and 1.0. These 
results are shown in Figs. 16 and 17. It can be seen that the 
difference spectra obtained at pH 3.0, ionic strength 0.15 
were similar and characterized by the presence of a maxima 
near 480 nm. However, at other ionic strengths , the maxima 
was found to be blue shifted by 8 nm. Bilirubin binding data 
were expressed in the form of percent difference spectral 
change at maximum wavelength relative to native albumin at the 
same wavelength which was taken to be 100 %. The data are 
summarized in Table IX. As can be seen from the table the 
magnitude of difference spectrum decreased on increasing 
400 A50 500 
Wave length, nm 
550 
Fig. 14 Visible absorption spectra of bilirubin in 
absence (• • ) and presence O O) of goat 
serum albumin in sodium phosphate buffer, pH 
8.0/ I = 0.15. 
64 
o 
d 
0 AAO A80 520 560 
Wavelength (nm) 
Fig. 15 Visible difference absorption spectra of 
bilirubin-albumin complex obtained in sodium 
phosphate buffer, pH 8.0, I = 0.15. The 
different albumin preparations are : native 
albumin (Q O) : ^0% (# O) ; 46% ( # — # ) ; 84% 
{^ '^) and 98% (A • ) maleylated albumins. 
The molar ratio between bilirubin and albumin 
was 1.0. 
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o 
<3 
0.0 k 
0 A40 /;60 A80 
Wavelength (nm) 
500 
Fig . 16 Visible difference absorption spectra of 
bil irubin-albumin complex obtained in sodium 
phosphate buffer pH 8.0, I = 0.015. The 
representation of d i f fe ren t albumin preparat ions 
is the same as given in the legend to F ig . 
15. The molar r a t i o between b i l i rub in and 
albumin was 1.0. 
66 
AOO «50 500 
Wavelength (nm) 
550 
Fig. 17 Visible difference absorption spectra of 
bilirubin-albumin complex obtained in sodium 
phosphate buffer, pH 8.0, I = i.o. Different 
albumin preparations are represented in the 
same way as given in the legend to Fig. 15. 
The molar ratio between bilirubin and albumin 
was 1.0. 
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maleylation of amino groups of albumin at all the three ionic 
strengths. The two highly modified preparations of GSA viz. 
84 % and 98 % showed very small difference spectral change on 
interaction with bilirubin (only 18 % and 12 % binding was 
observed at 0.15 ionic strength). Increasing the ionic 
strength from 0.15 to 1.0 caused some reversal in the 
bilirubin binding in 40 % and 46 % modified derivatives. 
However, reversal was very small in the other two highly 
modified preparations. In view of the conformational changes 
associated with maleylation and reversal in bilirubin binding 
at high ionic strength, it seems probable that decrease in 
bilirubin binding with the two lesser modified preparations 
was mainly due to conformational change. But in higher 
modified forms probably one or two critical lysine residues 
were modified as evident by the unaltered binding at high 
ionic strength. 
<b) Fluorescence quenching : Interaction of bilirubin with 
goat serum albumin caused sever© quenching in its emission 
spectrum. The fluorescence emission spectra obtained by adding 
increasing amounts of bilirubin (molar ratio of bilirubin to 
protein in the range of 0.2 - 1.0), to a fixed concentration 
of native and 98 % maleylated albumin were qualitatively 
similar. The representative fluorescence emission spectra of 
native and 98% maleylated albumin at ionic strength 0.15 and 
1.0 and at different bilirubin concentrations are shown in 
Figs. 18 and 19. The fluorescence quench titration results 
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TABLE II 
Interaction of bilirubin with goat serui albuiin and its lalsylatsd foris 
studied at pH 8.0 and at different ionic strengths 
GSA preparations 
Native 
40 % lalsylated 
46 % aaleylated 
84 X laleylated 
98 % aaleylated 
472 
0.203 
0.112 
0.100 
0.000 
0.000 
I* 
ni 
= 0.015 
% bind 
100 
55 
49 
00 
00 
ing 
I 
480ni 
0.198 
0.116 
0.106 
0.036 
0.023 
= 0.15 
% bind 
100 
59 
54 
18 
12 
ing 
I* 
*^"'472 n. 
0.170 
0.146 
0.118 
0.037 
0.030 
= 1.0 
% binding 
100 
86 
69 
22 
18 
» Ionic strength. 
69 
obtained for native and 98 % modified albumin at ionic 
strength 0.15 and 1.0 are shown in Figs. 20 and 21, where the 
magnitude of fluorescence quenching (relative to native 
albumin taken to be 100 X at 1 ; 1 molar ratio at 340 nm) was 
plotted against bi1irubin-aIbumin molar ratio <see Table X ) . 
Modification of 98 * lysine residue of albumin caused 
significant decrease in the magnitude of fluorescence 
quenching (69 %) in the same manner as it decreased light 
absorption of biIirubin-a1bumin complex at 480 nm. 
Fluorescence quenching titration studies at ionic strength 1.0 
revealed no significant change in the fluorescence quenching 
in 98 % maleylated albumin. There might be two reasons for 
this decrease in fluorescence quenching in 98 X modified 
albumin. Either conformational change was responsible or a 
critical lysine residue of albumin was modified. In the 
absence of data on ionic strength induced refolding of 
albumin, it is improper to conclude the direct involvement of 
lysine residue(s) of albumin in bi1irubin-aIbumin complex. 
However, keeping in view the fluorescence quenching data at 
ionic strength 1.0 where almost no significant change was 
observed in 98 % modified albumin as compared to the data at 
ionic strength 0.15, it appears likely that one or two 
critical lysine residues were modified. Studies are in 
progress to justify the role of lysine residues in bilirubin-
albumin interaction. 
100 r 100 r 
50-1 
300 AOO 300 
Wave length, nm 
A 00 
Fig. 18 Emission spectra of GSA and 98% maleylated 
GSA in presence of different concentration 
of bilirubin in sodium phosphate buffer, pH 
6,0, I = 0.J5. Molar ratios between bilirubin 
and albumin from top to bottom are 0.0/ 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0. 
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100 100 r 
300 
50-
AOO 300 
Wave length,nm 
400 
Fig 19 Emission spectra of GSA and 98% maleylated 
GSA in presence of different concentration 
of bilirubin in sodium phosphate buffer, 
pH 8.0, I = 1.0. Molar ratios between 
bilirubin and albumin from top to bottom are 
0.0, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 1.0. 
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0.0 0.5 
Motor ratio 
1.0 
Fig. 20 Percent binding of bilirubin to native GSA 
{i^^^) and 98% maleylated GSA (4r—A) obtained 
by fluorescence quenching method in sodium 
phosphate buffer, pH 8.0, I = 0.15 and at 
different molar ratios. 
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0.5 
Molar ratio 
Fig. 21 Percent binding of bilirubin to native GSA 
(^—0) and 98% maleylated GSA (A—A) obtained 
by flourescence quenching method in sodium 
phosphate buffer, pH 8.0, I = 1.0 and at 
different molar ratios. 
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TABLE I 
Binding of bilirubin to native and 38 % lalsylated GSA as studied bjr fluorescence 
quench titration at pH 6.0 and at different ionic strengths 
Percent binding 
Itoiar ratio i - 0.15 i ^  1.0 
Native GSA 98 % laleylated GSA Native GSA 38 % nleylated 6SA 
1 : 0.0 
1 : 0.2 
1 : 0.3 
1 : 0.4 
1 ; 0.5 
I : 0.6 
1 : 0.7 
1 : 0.8 
1 : 0.9 
1 : 1.0 
< Magnitude of fluorescence quenching vas calculated relative to native albuiin at 
Bolar ratio 1 : 1 taken to be 100 %. 
0.0 
16.9 
32.4 
43.3 
63.4 
69.0 
78.9 
85.9 
91.5 
100.0 
0.0 
11.2 
12.7 
14.1 
19.7 
23.9 
25.4 
26.8 
29.6 
31.0 
0.0 
26.6 
45.3 
54.7 
57.8 
70.3 
78.1 
87.5 
93.8 
100.0 
0.0 
12.5 
12.5 
17.2 
17.2 
21.9 
21.3 
26.6 
31.3 
35.9 
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